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COMPLETE SPEaPICATION 



Wc, Sun Oil Company, a corporation 
OTgamzed under the laws of the State of New 
Jttscy, United States of America, of 1608, 
WaJnm Street, Philadelphia, Pennwlvam^ 
United States of America, do hereby dedaie 
the mvention, for which we pray that a patent 
may be granted to us, and the method by 
which It IS to be performed, to be particularly 
desCTilxd m and by the f oUowing statement • 

This mvention relates to the production of 
nydiocarbons from wells and more particularly 
IS directed to mcdiod and means for produdne 
wcU fluids from a plurality of fonoadons pene- 
trated by a wcIL 

In weU drilling practice a smglc well may 
traverse a phirality of formations ^ch con- 
tarn od or gas. It is often desirable in such 
cases to complete the well for simultaneous 
producoon for more tiian <me of tiie forma- 
tions penetrated. The convcnticmal procedure 
for domg this is to effect a dual completion 
and flow from a lower formation through the 
well tubmg while flowing from a higher forma- 
tKm tiirough die annulus between the tubing 
and rasmg. Chokes are provided at die weU 
head for separately regulating die rates of flow 
of the two streams to conf otm to the aUowablc 
production rates for each zone. 

The foregoing mcdiod of dually completing 
a weU IS unsatisfactory for several reasons 
Producnon dirough die annulus is hazardous 
due to die fatt tiiat die fluid stream tends to 
ttuse corrosion and erodon of the casin& 
dieicby allowing die posdbility of a blow^ 
or subterranean loss of hydrocarbons to an 
upper formation. Also, when it becomes neces- 
sary to utilize gas lift to effea flow from die 
formations, die gas lift can be applied for only 
one zone at a time and that only m an meffi- 
aent manner; and consequcndy bodi produc- 
tion strata cannot be depleted simultaneously 
In nmy cases diis results in large quantities 
of otherwise recoverable oil bemg left in the 
r eservous. A furth er unsadsfactoiy condition 



when ^e annuhis well begins to produce 
sah water. Due to ineffident flow in die 
aanulus, salt vrater accumulates dierein and 

pZl!!^ T ^^P'^ «^ flow. 

Producoon from diat zone dicn is generally 
abandoned. Later attempts to produce fiom 

sS^^Lf ^^/^u^^^'^ pioduction. 
atm anodier drawbadc m conventional dual 
ain2)letions results from paraffin accumulations 
m the mnulus whidx are difficult to remove. 

An object of die present invention is to pro- 
vide means for completing a weU for simul- 
tan^ production from two or more zones 
whde avwdmg die disadvantages of conven- 
dual completions sudi as diose described 
above. Snll aiodier objea is to provide means 
and mediod for multiple zone production from 
tJwrt ^ ^ ^ ^der conditions 

such diat flow from a zone of relatively high 
pressme can be utilized to effea or Jd the 
flow from one or more z<mes in which the 
pressure is too low normally to permit die 
desired rate of flow diercfrom. 

Operation of a well according to die inven- 

"^LTf^ "^l"^ "^o^ flow 

control devices, heremafter described, which 
arc positioned in die weU tubing adjacent die 
production formations. Fluids from die f orma^ 
nons pa^ as separate streams through die flow 
control devices and diereafter commingle in 

11 and flow from the tubing at the 

well head as a single stream. The flow control 
devices contam choke means which cause a 
amd stream from a zone of h^ pressure to 
undergo a sharp pressure drop prior to com- 
mmghng widi anodier stream. The resulting 
prcwure r^uction causes or facilitates die flow 
or fluids from one or more of the zones of 
lelativcly low pressure. By operating in dus 
manner oil from a high pressure zone wiU 

^ gas as die pressure is reduced 

and Ae hfting effect of the released gas and 
any free gas aheady present in die oil stream 
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can be utili2xd to effect or aid the flow from 
at least one of the other zones. Production can 
be secured from any desired number of forma- 
tions simultaneous^, even tfaougli flow from 
5 some of them normally would not be obtamed 
from a single completion wdl in such forma- 

^°The invention is mwe ^dfically described 
with reference to the aocmnpanying drawinp 

10 in which: . , . * 

Fig. 1 is a simplified cross-scctional view of 
a wdl in whidi one type of the flow control 
device has been used for completing the wcU 
to produce from an upper zone throng ports 
15 in the tube and from a lower zone through the 
bottom end of the tubing. 

Figa* 2-A and 2— B, taken together, con- 
stitute Fig, 2 which is an elcvational cross- 
sectional view illustrating m detail a form of 
20 flow control device. . 

Figs. 3, 4, 5 and 6 are crosfr-secuonal views 
of the device of Fig. 2 taken on the lines 3—3, 
4—4, 5—5 and 6, respectively. 

Fig. 7 is a schematic illustrauon of a well 
25 traversing two production zones and in which 
another form of flow control device is em- 
ployed. . , . 

Fig. 8 is an elevational CTOss-secnonal vicw 
illustrating in more detail the flow control 
30 device ^wn in Fig. 7. . * m 

Fig. 9 is a schematic illustration of a wed 
traversing two production zones the upper of 
which has insuffident pressure to permit flow 
into the wdl tubing and which has been pro- 
35 vided with means for mtcrmittently forcmg oU 
from the upper zone into the tubing. 

Fig. 10 is a schematic fllustration of a wdl 
completed for production from two zones in 
which means are provided for introdudng w 
40 from the surfoce to aid in lifting the mixed 
streams of oil in the tubing. , 

Referring now to Fig. 1, a well is shoTO 
whidi has a casing 10 whidi has been cemented 
in place in the usual manner by cement body 
45 11. The wcU traverses two production zones, 
illuBtiated as Zones A and B, whidi may be 
either gas or oil formations. The casing has 
been perforated for production from both zones, 
as illustrated by perforations 12 adjacent upper 
SO Zone A and perforations 13 adjacent lower 
Zone B. A tubmg string 14 is positioned m 
the ca ^E and tibe annulus therebetween is 
closed ofl near the bottom of the tubmg by 
means of padcer 9. The mbing carries a landr 
55 ing nipple 15 adapted to receive the flow 
control device Trtiich is hdd in position by 
means of conventional latches 16 provided at 
the top of the device. The landing nipple is 
positioned adjacent Zone A and contains ports 
60 17 for receimg fluid from the formadjm. 

The flow control device, whfch is positioned 
in the iap«ii«g nipple in conventional maimer 
by means of a wire line, comprises a cylindrical 
housing 18 which forms an armulus 19 with the 
65 landing nipple, and whidi concauis parts 20 



for passage of fluid from Zone A. Packing 
means 21 positioned above and below the ports 
17 and 20 prevent fluid flow along the annuhis 
19 and require the fltrid to flow through pcr- 
f oiarions 20 in the housing. The housing con- 70 
tains a baffle member 34 vdiich forms an 
annular upwardly extending flow channel 22 
that leads to a port 23 in transverse baffle 24. 
A resilient check valve member having a circu- 
lar edge 25 is provided m flow channel 22 75 
to prevent backfiow of fluid toward Zon& A. 
Any downward flow of fluid from port 23 
causes edge 25 of the valve to move outwardly 
against the edge of the housing waD at 26 and 
dose the annular charmel, thus preventing 80 
downward flow. The check valve should be con- 
structed of a tough material, such as neoprene, 
which is unaffeaed by well fluids and which 
has sufficient flexibility for movement of the 
edge 25 against the valve seat 26. B5 

The transverse baffle 24 contains a second 
port 27 which is threaded for receiving a choke 
28 that serves to regulate the flow from the 
lower Zone B. Pen 23 also may be threaded 
for receiving a dioke (not shown) in cases 90 
where the pressure in Zone A is high. Baffle 
24 has a cylindrical extension 29 positioned 
inside baffle 34 and "O" rings 30 are pro- 
dded for sealing the armulus therebetween. 
Extension 29 thus forms a passageway leading 95 
n>port27anddioke28. 

In a lower part of housing 18 another banle 
31 is portioned to form an annular flow 
channel 32, and another resilient chedc valve 
33 is provided in tht channel to prevent back- 100 
flow of fluid toward the lower Zone B. 

It may be seen that the device as above 
described provides two separate flow channels 
for the fluids from the two formations, which 
diaimels terminate adjacent each other in tht 105 
well tubing at which point the flowing fluids 
mix with each other. The device also has the 
important feature of providing throttling means 
(i.e., one or more chokes) for reducing the 
pressure of either or both fluids prior to their IIO 
admixing. It further mdudes means for pre- 
venting badcflow to either formation so that 
fluid from one formation in no case can flow 
to and enter the other formation. 

For the purpose of iflustratmg advantages 115 
of the present invention, assume that Zone B 
of Fig. 1 is a high pressure oil zone but that 
Zone A has a pressure which is too low to over- 
come the hydrostatic head in the v?ell and 
hence would not nonnally flow. The device of 120 
Fig. 1 can be employed so as to utilize the 
fluid flow from Zone B to cause flow from 
Zone A. A choke 28 having an opening of 
appropriate dze to secure the allowable rate 
of flow from the lower zone is placed in port 125 
27. Flow from die lower formation is then 
begun. The sharp pressure reduction resulting 
from passage oi the fluid through choke 28 
causes fluid from the low pressure zone to 
flow through the control device and issue from I3i 
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port 23. The two streams then mix and the 
mature flows upwardly in the tubing. When 
jODt B IS an dl farmationj the sham pressure 
drop at the .chc&e causes solution gas to be 
released and the released gas and any free gas 
wrcady present in the oil stream provides a 
lifting action whidi aids the flow of the mixed 
soeams. Wh^ Zone B is a gas formation, 
hftmg of oil from Zone A likewise is effected. 
Control of the rate of flow from the upper 
zone can best be achieved by regulating the 
pressure of the flowing stream at the well head, 
\vfaich generally can be done widwut substan- 
tially affecting the flow rate ham the high 
pressure formation. Alternatively, control of 
tte rate of flow from the npper zone can be 
effected by means of a choke of appropriate 
throat size in port 23. 
By employing the device in the foregoing 

"?Sf"j,/^^*^^°° ^ accomplished from 
a dead zone, Lc, a zone which has insuffi- 
aent pressure normally to overcome the 
hydrostatic head of the column of fluid in the 
wclL The "dead" zone can be cither the upper 
or lower zone and the device win work equally 
as well; provided that when it is the lower 
2on^ It much have enough pressure to permit 
«8 fluid to rise to the level of the control 
device. 

^ Inopeparticularly useful embodiment of the 
mTOition, a pas sand penetrated by a "dead" 
wdl which mitially was a single completion 
wdl m an oil zone, can be utilized to flow oil 
from die oil zwie. One or more gas sands 
commonly axe avaUable m single completion 
oa wells. When the reservoir pressure has 
dropped enough that the desired rate of oil 
flow cannot be maintained, a control device 
such as that shown m Fig. 1 can be placed in 
the wdl to obtain a flow of gas from the gas 
sand mto die weU tubing. The gas sand am 
be one which is eidier above or bdow the oil 
sand. Gas can be admitted to die tubing 
through a choke of the proper size to obtain 
a gas rate diat wiU effect the desired lifting 
action on the oil column. Thus energy derived 
from the gas reservoir can be utilized to secure 
the desired rate of flow &om tiie "dead" oil 
formation. 

RefOTnignowtoFigs.2— 6, a more detailed 
form of flow control device is shown which is 
adapted to be anchored in a conventional land- 
mg nipple as described in connection with Fig. 
1. The device is landed in a nipple 40 having 
nde ports 41 for entrance of well fluid from 
the formation adjacent to which the device is 
anchored. An elongated assembly 46, which 
projects through the bottom of nipple 40 as 
Jown at 42, provides a channel for upward 
flow of fluid entering side ports 41 and a 
separate channel for flow of fluid from one or 
more lower production zones which fluid enters 
timmgh longitudmal ports 43 at the bottom. 
Packmg members 48 are provided above and 
below stde ports 41 to seal off die annulus 



be^ireen landmg nipple 40 and assembly 46 
Pons 43 at the bottom lead to a single flow 
zone 44 m which is positioned a resiHent check 
valve member 45 adapted to prevent downward 
flow of flmd. Above flow zone 44 a replace^ 

?nr r^^r"^^ u^"^^ "^^^ " positioued 

for controlhng the rate of flow of fluid derived 
fi-om the lower formaticm. From the choke 49 
^e flow channel leads through central channel 
51 and offset channel 52 which leads to a 
common passageway 53. 

The separate flow channel for die fluid 
^termg dirough side ports 41 includes ports 
It assembly 46, an annular 

ctomel 55 therem and a communicating lonei- 
tudmal channel 56 which tcnninates at ^e 
CTmmon passageway 53 leading to the upper 

;lhnV?f!?^t* as mdicated at 57, to receive 
a cboke (not shown) m case k should be desir- 
able to control the flow rate of the stream at 
this point. A resdient check valve memoer 58 
IS positioned m annular channel 55 to orevMit 
bad^ow of fluid througnSTports^f! 

Conventional latching means, indicated 
d^!"l" are provided at the top of the 
de^ce shown in Fig. 2 for securing it in its 
landing nipple m a tubing string. This device 
functions m csscntiaUy the same manner as 
sCTibed m connection widi Fig. 1. One or mote 
of such devices can be used at appropriate loca- 
tions m the weU tubing for legffij oreff^ 
mg flow from a plurality of form^ons ^ 
tauung oil and/or gas. 

Rrferrmg now to Fig. 7, a section of a well 
^ mdirated m which two devices of another 
form adapted to be seated in a side pocket 
mandrel are utihzed for controlling the flow 
^ separate production zones located 
•above one or more lower zones. The well 
mdudes a perforated caang 60 passing through 
^es A and B and a tubing String 6lTide 
tac casmg. Adjacent the upper zone a side 
pocket mandrel 62 is positioned in the tubine 
onotiier side pocket mandrel 62» is 
^ewise positioned adjacent die lower zone. 
Flow oonttol tools 64 and 64^ of the tvw 
^own mjietafl in Fig. 8 are positioned in^ 
side pockets of tiie mandrels. The side pocket 
Jr "^^f"^^ and the side of each xioi are 
provided witii cooperating ports for flow of the 
formation fluids. Tools 64 and 64^ have 

which the fluid passes to the tubing striii! 
fnZ^'f^ the manner indicated by arroJ^ 
ui Fig. 7. Ilus weH assembly arranament can 
be employed in die same manner as that of 
^ig. 1 for utilizing a gas sand to effect ofl 
flow from a "dead" zone 
chZ^ ^^5" producing zones have been 
shown m Fig. 7, it should be understood diat 
tms arranpnent can be used for any desired 
number of such zones. A control tool for each 
zone can be lowered m die weU on a wire line 
and set m place by means of a kick-over device 
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known in the art. By having the tools placed in 
the mandrel side pockets, the tuHng string 
remains open and a wire line can be run to 
any desired depth vrithout any necessity for 
5 previously removing tools placed above such 
depth. This is advantageoiB since it allows any 
tool to be pulled from the \vell witliouc disturb- 
ing any of the others. Thus any one of the 
production zones can be selectively addized, 
10 chemically treated or fractured vdthout affect- 
ing any of the other zones. For example, if it 
is desiied to addize Zone B, control tool 64' 
would be removed and add would be pumped 
down the tubing and into the f ormadon through 
15 the ports in the mandrel and casing. The 
check valve 72 (Fig. 8) in coiurol tod 64 
would prevent add from reaching Zone A. 
Likewise any desired foimadon can be seleo- 
tivdy wotioed over or treated for sand control 
20 without removing the well tubing and without 
the posdbtliQr oi dama^ng any other formation 
by uitrodttdng diillhig mud into the well as 
done in conventional practice. 
Fig. 8 illustrates tool 64 and mandrel 62 in 
25 more detaiL The mandrel contams a cylindrical 
side podcet 63 a portion of the left-hand edge 
of which merges into and is actually imegral 
with the mandrel walL The mandrd contains 
perforations 65 for admission of the formation 
30 fluid. Tool 64 comprises a housing 66 having 
side ports 67 in fluid conmiunication with the 
mandrel perforations. At the upper pait of the 
housing latch means 68 and a pn l li ng head 
69, each of conventional design, arc provided. 
35 Sealing means 70 are provided above and 
bdow perforations 67 for sealing the annular 
space between the mandrel side pocket 63 and 
housing 66. The housing provides a downflow 
diannd 71 in which is positiMied resilient 
10 check valve member 72 to prevent bacMow 
toward the formation. The channel terminates 
at the bottom of the tool in a chda 73 having 
throat 74 through which the formation fluid 
issues into the tubing string. 
45 Referring back to Fig. 7, assmne that Zone 
A is a high pressure oil zone and that Zone B 
is an oil zone having a low pressure such that 
it would not normally flow from a singile com- 
pletion welL The pressure of Z<me B. however, 
50 U snffidenc to lift its fltnd to die level of Zcme 
A. It is assumed hi this instance that the well 
tubing is plugged off beneath Zone B. The 
arrangeme nt diown in Fig. 7 will permit pro- 
duction of oil from Zone B in addition to 



Zone A. Flow of the Zone A oil through the 55 
choI« in the bottom of the upper control tool 
results in a reduced pressure in the tubing at 
this point. Some of the gas in solution in the 
Zone A oil prior to redudng its pressine will 
come out of solution and thus aid m lifting the 60 
Zone B oil to the top of the well. Thus a 
mixed stream of oil from the two zones can 
be withdrawn at the well head. By having the 
proper dioke size in the control tool adjacent 
Zone A, production from this zone at the 
desired or allowable rate can be obtained. The 
rate of flow from the lower zone can readily 
be regulated by apprqpriatdy setting the 
pressure in line 75 at the well head by means 
of bade pressure valve 76. Alternatively, such 
rate can be controlled by havmg a choke of 
the proper size in the conuol tool adjacent the 
lower zone. 

The following is a specific illustration of an 
embodiment of the present mvention as it 75 
would be applied to a well which penetrated 
two oil sands at depths of 8536 — 8544 and 
8626—8629 feci, respectively. The well had 
origmally been dually completed in conven- 
tional maimer for production from the upper 80 
zone through the annulus and from the lo\TCr 
zone through the tubing. The allowable pro- 
duction rates for the upper and lower zones 
were, re^ectivcly, 30 and 7 barrels per day. 
After producing in this manner for a period, " 
the well csased to flow from the upper zone, 
due to a drop in its pressure. At that time the 
static bottom hole pressure for the upper zone 
was 2295 p.s.i.g. while the static and flowing 
bottom hole pressures for the lower zone were 90 
3577 and 3551 p.s.i.g. 

The present invention can be applied to the 
above described well in the foUowmg manner 
to obtain production from the upper zone. In 
the perforated landmg nipple in the tubing 95 
adjacent the upper zone a control device of xhc 
type shown in Fig. 2 is located. The device 
contains a dioke of the appropriate size for 
maintaining the rate of flow from the lower 
zone at 7 barrels per day. A back pressure 100 
re^ilator, such as shown in Fig. 7, is provided 
in xht flow line from the well tubing to control 
the rate of production from the upper zone. 
Varying the back pressure at the surface by 
means of the regulator will cause the flow rates 105 
from the two zones generally to approximate 
the following values: 



851^6 



5 



Suiface pxessure» 



10 



0 
100 
470 
600 
900 
1200 
1500 
1600 
2500 



Thus, by regulating the pressure at the surface 
sl^y less than 1200 p.sJ.g., the 
aUwabk production rates can readily be main- 

15 tamed. As production in this manner continues 
and mt foimation pressures drop, the desired 
rates of production can be maintained by 
decreasing the surface pressure by means of 
tiic regulator. 

20 Fig. 9 iUustrates a weU which has been 
duaUy completed in Zones A and B in the 
manner of the present invention and which is 
provided with means for admitting extraneous 
gas under pressure to tiie annulus between the 

^5 casing 80 and the well tubing 81. The annulus 
is scaled between the two zones by means of a 
packer 82 and the tubing string omtains a 
control device, shown gcnwally at 83, such as 
Ae device shown in detaU in Figs. 2— 6. Zone 

« A 18 a dead" zone which has suffident pressure 
to cause the liquid to rise in the annulus to 
the level shown at 84 but msuffident to force 
the hqmd through the control device into ib& 
weU tubmg. At the well head a gas supply 
hne 85 is provided with a time comrolled gas 
miectmg and venting device 86. This device 
alternately admits gas under pressure into the 
anmihw and then vems the gas through line 

40 5: ' vl? causes an intermittem pumping of 
tte oil from the annulus through control device 
83 mto the tubing. The fluid from high 
pressure Zone B then serves as the means for 
flowmg tile amndns oil to the surface. Upon 
passmg through the choke provided in control 
device 83, the Zone B oil releases solution gas 
and the released gas aids in Kttng the mi^ 
oil streams through the tubing to the well head. 
Fig. 10 illustrates a well completed for pro- 
from oil Zones A and Band provided 

w wnh ^s hfting means employing emaneous 
gas. This assembly can be utilized in cases 
where the well does not pass through a gas 
sand and ncidier zone has sufficient pressure 
to make a flowing wcIL The well comprises a 

» casug 90 perforated adjacent Zones A and B, 
a tubing string 91 carrying a control device 

92 aich as that diown in Figs. a packer 

93 between Zones A and B and preferably a 
packer 94 above the upper zone although the 

w latter packer is not essential. The tubing strine 
has a side pocket mandrel 95 above tiie uppw 



Rates, bbls. per day 
Lower Zone Upper Zone 


7 


84 


7 


84 


7 


84 


7 


73 


7 


51 


7 


29 


7 


7 


7 


0 


5i 


0 



pa^er which is adapted to carry in its side 
poctet a device 96 for admitting gas to the 
tubing. The mandrel contains a port throuafa 
which gas <»n pass to tile device 96. TlSs 
device can be a flow control device of the 
xypt desaibed in connecrion with Fig. 8, with 
^e dioke pon 74 being sized to admit gas at 
tiie desired rate to the tubmg. Alternatively, 
device 96 of Fig. 10 can be a conventional 
injection valve which is set to open when the 
gas iwessure in the annulus reaches a prcdetcr- 
mmcd value. Gas is admitted to the top of 
the aunuhis through conduit 97 under suffiaent 
^sure to ^e the desired injection rate into 

2f ilil^?-^^ the mixed 

ml Stteam flowing iq>wardly from the control 
device 92 and allows the mixture to flow from 
the well In cases where the weU tubing may 
told to load up widi salt water, additional 
si^pocket mandrels (not shown) can be pro- 
vided at higher levels in the ^bing stK 
ims wwdd permit unloadmg from a higher 
level and thus avoid having to apply toohigh 
a gas pressure withm die casing. Such mandrds 
nonnaUy would contain dummy valves anv of 
7^ ^^"^ ^ ^ » ^ Ncddon 

d^^w "^^^ whenever it became 

desmble to gas lift from a higher level. 

The control devices described herein for 
^ecnng mutole completion of wcUs for 
sunultaneous flow through tiie weU tubing offer 
"""Jf. conventional oil field 
practice. JJ^ assembhes provided in accord- 
ance with die invention avoid die danser of 
corn^on and erosion of the casing or diSnatc 
the disadvantages of multiple tubing strings 
requinng speaahzcd packers and weU head 
esui^ent The invention permits effidcnt 
ciepletimi of any*3er of p^ 

2^"/°™^"^ a single string of 

tobmg. In convcnuonal practice where-choking 
of the sq)arate streams from a multipie con^ 
A^Tn^ » done at the surface, plugging of 
tiie diokes often occurs due to paraffin &i- 
fomation of gas hydrates. ThiT is 

ana the streams are choked within the contro 
^J^!^ ^ producing formation where 
nL^^"^ ^ *at neither 

paraffin deposition nor hydrate formation will 
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occur. Numerous other advaatages derived 
from the present invention will be apparent to 
persons silled in the art 
WHAT WE CLAIM IS:— 
5 1. A device adapted to be positioned in well 
tubing adjaceit an inlet port therem for con- 
trolling flow of fluids into the tubing &om a 
plurality of framations whidi comprises a 
housmg having, a side port for communication 
10 with said mlet port, means carried by the 
bousing for reaievably loddng the device adja- 
cent said inlet port in the tubing, packing 
means for closing the annular ^ce between 
the hottsbg and tubing above and below said 
15 ports, said housing having an internal flow 
diannel exiendmg upwardly from its ddc port 
and a separate internal flow channel for up- 
ward fluid flow from beneath the device, each 
of said diannels communicating with a common 
20 fluid passageway leading to the well tubing, a 
resilient check valve member in each of said 
channels for preventing downward fluid flow 
therein, and choke means in at least one of 
said diannels for reducing the pressure of fluid 
25 flowing therethrough. 

2. A well flowing assembly for flow of fluids 
from a plurality of production formations 
which assembly comprises a well tubing hrnnng 
a dde podcet mandrel adjacent an upper fonna- 
30 tiwi, said mandrel having a port for flow of 
formation fluid into its side pocket, a housing 
positioned in the side podst and havmg a 
ade port and a communicating internal flow 
channel extendmg dirough the housing, pack- 
35 ing means between the ade poctei and the 
housmg above and below said ports, a resilfent 
chedc valve member in said channel for pre- 
ventittg backflow of fluid toward the formation, 
a dioke m said diannel* and a second resilient 
40 chedc valve member in the well tubing beneath 
said mandrel for preventing badflow of fluid 
toward a lower formation. 

3. A well flowing assembly for flow of fluids 
ftom a plurality of producuon formations 

45 which assembly comprises a well tubing having 
a side pocket mandrel adjacent an upper 
formation and another side pocket mandrel 
adjacent a lower fomiation, each of said 
mandrels having a port for entrance of forma- 

50 tion fluid into its side pocket, a housing posi- 
ti(Hied in each of said side podcets and having 
a side port and a communicating internal flow 
cfaannd extending through the houang, pack- 
ing means between each side pocket and hous- 

55 ing above and below said ports, a resilient 
check vahc member in each of said channels 
for preventing backflow of fluid to a foimation, 
and a choke m at least one of said diannels. 

4. Method of producing a well which has 
60 hetSL completed for producdon from a plurality 

of zones containiug fluids under different 
pressures., said virell having a well tubing con- 
taininp entrance ports adjacem all of the zones, 
which comprises providing whhin the well 
6S tubmg a flow channel for fluid from a zone 



of relativdy high pressure and a sqjarate flow 
channel for fluid frwn a zone of rdativcly low 
pressure, said channels communicating with a 
common fluid passageway, flowing a stream 
of fluid from the zone of high pressure toward 70 
said common passageway, reducing the pressure 
of the fluid ahead of said passageway to a 
value less than that of the low pressure zone, 
whereby a stream of fluid is caused to flow 
from such low pressure zone toward said 75 
common passageway, mixing said streams m 
the common passageway and withdrawing the 
mfacture from the welL 

5. Method according to Qaim 4 additionally 
comprising controlling the rate of flow from 80 
the low pressure zone by regulating the flowing 
pressure of said mixture at the locus of with- 
drawal from the wdl. 

6. MetlMxi of producing a well uaversing 
two oil zones one of winch has sufficient pies- 85 
sure normally to flow from the well and the 
other of which has insuffident pressure norm- 
ally to permit the desired rate of flow there- 
from, said well havmg a well tubing containing 
entrance ports adjacem both zones, which 90 
comprises providing withm the well mbing a 
flow channd from one of said zones and a 
separate flow diannel from the other, said flow 
<*hafft»>ig communicating wuth a common fluid 
passageway adjacent the iq»per zone, flowing 95 
oil from the lu^ pressure zone toward said 
common passageway, redudng the pressure of 
the flowing oil ahead of such passageway to a 
value less than that of the low pressure zone, 
whereby solution gas is released from liquid 100 
phase, flowfflg oil from the low pressure zone 
into said passageway and therein admixing the 
same with the fluid from the hi^ pressure 
zone, and utilizing the lifting action of the 
released gas to flow the mixture up the tubing 105 
and from the welL 

7. Method according to Qaim. 6 addiuonally 
comprising controlling the rate of flow from 
the low pressure zone by regulating the flow- 
ing pressure of said mixture at the locus of 110 
withdrawal from the well. 

8. Method of producing a well ttaversmg a 
high pressure gas zone and an oil zone which 
has iosoflicient pressure normally to permit the 
desired rate of flow therefrom, said wdl having 115 
a well tubing containing entrance ports adja- 
cent bodi zones, which comprises providing 
mddn the weD tubing a flow channel from one 
of said zones and a separate flow chaimd from 
the other, said flow channds communicating 120 
widi a common flmd passageway adjacent the 
upper zone, flowing gas from the gas zone to- 
ward said common passageway, reducing the 
pressure of the gas ahead of such passageway 
to a value less than that of the low pressure 125 
zone, whereby oil flows from the oil zone into 
said passageway, and udlizing the lifting acdon 
of the gas to flow the oil \xp the tubing and 
from the well, 

9. Method for produdng a wdl from an I3t 
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yxpper zone having a pressure insufficient to 
pennit the desired rate of fluid flow therefrom 
and a lower zone of high pressme in a cased 
weU having a packer positioned between the 
two 2<Mie8 m the annulus between the casing 
and well tubing and having an entranceport 
in the tubmg adjaoait the upper zone which 
method comprises providing a one-way channel 
from said port to a common fluid passageway 
m the mbmg, flowmg fluid from the Iwtt zom 
ap the tubmg toward said common passage- 
way, throttling such flowing fluid ahead of 
said ^ssageway to regulate its rate of flow, 
whereby the pressure of such fluid is reduced 
to a value intermediate the pressures of said 



lu tt Yaiue intermediate the oressmes of oaM fta«a«««,«« I« r.**-**"*^ aiic«u oi saia 

?one, alternatively imrod^Jl^itSdC^ fSSh^l^r/'" ^ 

ing gas under pressure to ^e too of TTd ^'^T^^f^^^^^'^^P^^^onmuon, 
aiSiiiln^ ..5 A weU flowing assemblv for nrAHi,«-,i„ 



^dng die mixture up the tubing and from 

12. A weU flowing assembly for producing 
a wtil from two zones having di&rcnt pressur^ 
which compmes a casing perforated at said 
zones, a tubmg within the casing containing 
entrance ports adjacent said zones, means 
mthm the tubmg formmg separate flow 
Cdamiels from said entrance ports leading to 
a craunon fluid passageway, resiHent check 
valrc means m each of said channels to prevent 
fh^Sa^ \ ^ formations, and means for 
timmhng the fluid m the channel from the 
formatian of higher pressure ahead of said 
passageway to reduce its pressure to a value 
lower than that of tht^ Iawbi. t 



70 



75 



20 



—o o— --**w* ^A^oALuc lu me top 01 said 
annulus, whereby fluid in said annulns from 
the upper formation is intermittently forced 
through said one-way channel into said 
common pa^ageway, and withdrawing the 
resultmg flmd mirare from Ae top of the 
tubing. 

9K #L ^ assembly for producing a wcU 
trom an upper zone of low pressure and from 
a tovwr zone of high pressure which comprises 
a casmg perforated to permit flow from said 
ames, a well tubing within the casing having 
a flow part adjacent the i^per zone, a packer 
posinoned between the two zones in the annulus 
bdtwOT the casing and tubing, means in the 
tubmg adjacent the upper zone providing a 
one-way channel from said flow port to a 
common flmd passageway m the tubing, means 
m .^c tubmg providing a separate channel for 
flmd flow from the lower zone to said common 
passageway, means for reducmg the pressure 
of the fluid from the lower zone ahead of the 
passageway, and means for alternately intro- 
duaug and withdrawing gas into the top of 
said annulus to hrtermittendy force fluid from 
the annulus through said flow port. 

11. Method of producing a weU from two 
zones havmg different pressures each insuflS- 
oent to cause flow from the well at the desired 
swd tcU having a casing perforated at 
each of said zones and a tubing contaming 
enhance portt adjacait each of the zrae£ 
which compnses providing widiin die well 
tubing a flow channel for fluid from 
T t ^ « separate flow 

cJS^l.^^^ ^"^^ ^er zone, 

saul ^amiels communicating widi a com- 
mon fluid paKa^y, flowing fluid from 
tne zone of higher pressure toward said 
common passageway, reducing the pressure of 
Si i^J^'i "if "^"^ passageway to a value 
^^J^^^ zone, whereby 

a team of flmd ts caused to flow from such 
low pressure zone toward said common passage- 

passagew^ and flowmg the mkture upwardly 
m the tubing, mtrodudng gas in die annulus 
?^ caang and tubing and injecting die 
same mto said mixture in die tubing, dS^y 
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— ™ pleasure lormauon. 

11 flowmg assembly for producing 
a weU frcm two zones having different 
pressures eadi insufficient to cause flow from 
the weU at the desired rate which comprises a 
a^g perforated at said zones, a tubing within 
the casmg contaming emiance ports adjacent 
said zones, means widiin die tubing forming 
separate flow channels from said witrance ports 
leading to a common fluid passageway, lesiU- 
cnt check valve means in each of said channels 
to prevon: badcflow to die formations, means 
for dirotdmg the fluid in die chami^om die 
tonnation of higher pressure ahead of said 
pasiageway to reduce its pressure to a value 
lower than that of the lower pressure formation, 
means for introducing gas under pressure into 
the annulus between die tubmg and casing, and 
means for mjectmg such gas into die wbmg 
above said separate flow channels. 
™J^*, u- ^^'5? ^^pted to be positioned in 
wdl tubmg adj^t a side inlet port dieiein 
for controflmg flow of fluids into die tubing 
from a phurahty of formations which com- 
Pt^>usmg, means carried by die housing 
for rctnevably lockmg die device adjacent said 
mlet port m die tubing, packing means for 
^^hlT. T"^" space between the housing 
and tnbmg above and below said inlet port, i 
£S7 adapted to cooperate w di 

Sll?"*uP2f flow from a 

fomation, bafQe means widiin die housing 

f^^A u"""^- "^^^ extending upwardly 
r>^.n Ji ^^T".^ P^'^ a separate flow 
channd for fluid flowing upwardly from 
beneadi die housmg. said chaundT^SdnS 
mdioke ports positioned adjacent to each 
other and ranh^it check valve means posi- 

downward flow therein. 

15. A device adapted to be positioned in 
weU tubmg adjacent an inlet port dic«b fS 

a plurality of formations constructed and 
arranged to operate substantiaDy as hcrcm 

2B and 3—6, or Figures 7 and 8, or 
tep. ">«rf the accoapan^^J 

16. A mediod of produdng a weU which 
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has beea completed for production from a ing drawings. 
phnaUty of zones co nt ain m g fluids under wTiim* ft VAItRER 

Siffere^ce pressures substantially as herem ^^S^SSeS A^S^* 
described with references to Figure 1 or ,P*IS??,!^J^WC^ 
Firaes 2A, 2B and 3-6, or Figures 7 and 27. Chancoy Ub^ iSSiT 
ITfi^ 9 or Figure 10 of the accompany- Agents fo r the Apphcants. 

Leaminstwi Spa: Printed f<n Her Majesty's Stat&m^y Offic*. ^fj^t^^l^l^ 
iSKdby The Patent Office^ 25, Southainptcn BaMtags, London. W.C2, fiuni wtadi 

copies may be oistaiBea> 
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